Using individual plants of Lotus corniculatus as the focus of 1 m2 sampling units the plant species associated with L. corniculatus of known phenotype for the colour of their keel petals have been recorded in the chalk quarry at Wharram, North Yorkshire. Multivariate analyses revealed that there was a negative association between the frequency of dark-keeled plants and the percentage of bare ground within each sampling unit and almost no association with any particular plant species. Thus dark-keeled plants were commoner than the light-keeled form in the denser, more mature grassland vegetation. An increase in the frequency of dark-keeled plants in the more mature vegetation was observed between 1980 and 1984. This was not associated with any selective damage by herbivores to petals, buds, pods or leaves nor were there any differences between the morphs for infestation by seed herbivores. While there was more damage to pods in the areas with less mature vegetation there was no evidence of any differences between the morphs in the production of good, viable seed.
INTRODUCTION
In the United Kingdom Lotus corniculatus L. is almost exclusively polymorphic for the genetic polymorphism of dark and light-keel petals, (Jones, 1977; Jones and Crawford, 1977; Abbott, 1981; Crawford and Jones, 1986 ) dark keels being dominant (Ramnani and Jones, 1984) . The darkkeeled plants are commoner in the north east of England and in eastern Scotland than elsewhere and there is a very marked west to east clime between latitudes 53°30'N and 54°30'N in England .
We have no evidence that colonization by flower feeding insects is influenced by petal phenotype, nor do pollinating bees appear to discriminate consistently between different keel colours while foraging . There is some evidence, however, that the bumble-bee Bombus lapidarius L. preferentially forages darkkeeled plants in cloudy conditions and that the dark-keeled plants (in one population at least) produce more viable seed overall .
Reprint requests to D. A. Jones. While accumulating data on the distribution of the dark-keeled morph we have obtained evidence of local small scale variation. A particularly good example is among plants growing in and around Wharram Quarry (National Grid Reference SE 860653, latitude 54°04'N, 131 m above sea level) in the Yorkshire Wolds ( fig. 1) . Some of the pastures to the west and south of Wharram Quarry are ancient domains associated with the deserted medieval village of Wharram Percy. In these pastures the frequency of the dark-keeled morph of L. corniculatus ranges from 539 to 826 per cent (Samples 1, 3, 4, 5, 7 and 11 in table 1), whereas in the quarry random samples from different parts of the quarry and on different occasions had frequencies ranging from 369 to 510 per cent (including samples 8, 9 and 10 in table 1). Two areas near the quarry have frequencies of 500 and 510 per cent (samples 2 and 6 in table 1), but these were known to have been disturbed during the past 50 years. The land to the north and west of the quarry is arable and for at least the past decade it has grown cereals.
There is prime facie evidence, therefore, that the dark-keeled morph is less common in the more disturbed areas in and around Wharram Quarry, Table 1 and we can ask whether there is an increase in the frequency of the dark-keeled form as the grassland matures. Clearly the selective pressures acting on plants during the establishment phase are likely to be different from those which operate during the later stages of succession. In this paper we examine whether these differences are reflected in the frequency of dark-keeled individuals in vegetation at different stages of a successional sequence.
LOCALITY, MATERIALS AND METHODS
The plants used during this work were exactly the same individuals as those tested for petal and leaf cyanogenesis Phenotype determinations were carried out shortly after collection. The colour of the keel tips was scored as light or dark, depending on the presence or absence of any red-brown pigmentation. "Pale" keels (Jones and Crawford, 1977) were included in the dark keel category. Leaves and petals were tested for cyanogenesis using the standard tests (e.g., Jones, 1977; Tantisewie et al., 1969 ).
The names of plants follow Clapham, Tutin and Warburg (1981) .
RESULTS
The proportions of dark-keeled and cyanogenic individuals that formed the basis of the sampling units are given in table 2(i). As the plants were monomorphic for petal cyanogenesis this character will not be considered further. Not all plants were in flower at the time of sampling and this is reflected in the number of plants that were scored for keel petal colour. The combination of phenotypes for keel colour and leaf cyanogenesis are given in table 2(u). There is no indication of any relationship between the expression of keel colour and
cyanogenesis.
An ordination of the vegetation in the I m quadrats was carried out using the correspondence analysis (reciprocal averaging) programme in the GENSTAT Macro library (Alvey eta!., 1982) . This technique provides a means of plotting both plant species and individual quadrats in the same coordinate system. The uses of correspondence analysis have been reviewed by Gauch (1982) who concluded that for most analyses of community data sets this method has advantages over principal components analysis. Bare ground 'cover' and total Gramineae were included as variables in the ordination, but not the rarer plant species, nor Ononis repens, which proved to be an extreme outlier when Keel-colour frequencies were re-scored in 1984. The sampling was based on the two major vegetation types and because of the difficulty of distinguishing the Al and A2 types reliably in the field this subdivision was not made. Phenotype frequencies were found to vary between the two major DSCU S S 10 N Lotuscorniculatus has been used as a model species for several ecological studies. Usher (1975) chose the plant from among those studied by Burden (1970) in Wharram Quarry because "it appeared to be one of the first colonizers of bare chalk, and nitrogen fixation in its root nodules, and hence a local nitrogen availability, may act as a stimulus for other plant species to become established". Reader and Southwood (1981) surprisingly did not regard the plant as an example of an early successional species, rather including it in their mid successional assemblage. Davis et al. (1985) studied the effect on the development of the vegetation of introducing L. corniculatus (and Brachypodium sylvaticum) into a sparsely vegetated area (<10 per cent) of a limestone quarry. The species was chosen, again, because it is one of the most widespread, early and persistent herb colonists of chalk and limestone quarries throughout England (Davis, 1983) and because of the long term beneficial effects of the legumes on soil nitrogen. In none of these studies has the known genetical variation in L. corniculatus been taken into account, even when it was directly relevant. Reader and Southwood (1981) , for example, ignored the polymorphism for cyanogenesis when they were assessing the palatability of the plant to herbivores when it was already known that one of the animals they used, Agriolimax (Deroceras) reticulatus, was a selective herbivore of acyanogenic L. corniculatus (Jones, 1962a (Jones, , b, 1966 . Furthermore, it was not part of any of these studies to observe any interactions between the variation in L. corn iculatus and other vegetation in the habitat.
Starting with studies in the Netherlands (Ellis, Keymer and Jones, 1976) we have developed a novel and unique approach to predictive ecology based on the known variation within a plant species, the most successful study being on Holy Island, Angelsey (Ellis, Keymer and Jones, 1977; Compton, Beesley and Jones, 1983) . Here we have shown, beyond reasonable doubt, that selective grazing by molluscs is the predominant agent determining the distribution of cyanogenic L. corniculatus on the west coast of Holy Island.
At Wharram Quarry we have used individual L. corniculatus plants as the focus of sampling the surrounding vegetation both for plant and animal species. It was only after the data were collected for each quadrat sampled that the focal plant was tested for leaf and petal cyanogenesis (Compton, Beesley and Jones, 1986) . That study showed a clear association between a more mature stage in the succession in the quarry and the occurrence of leaf cyanogenic plants although it was not possible to determine, at that time, why this should be. The most likely explanation is that under certain conditions leaf cyanogenic L. corniculatus has a faster rate of root growth than the acyanogenic form (Keymer and Ellis, 1978) . This might provide an important advantage when root competition is intense, and so allow cyanogenic plants to persist for longer periods under these conditions.
At the same time that these L. corniculatus
plants at Wharram Quarry were tested for cyanogenesis they were also scored for the colour of the keel petals and this means that exactly the same data set was available for two analyses, one based on cyanogenic/acyanogenic plants and the other on dark/light-keeled plants.
The Al, A2 and B vegetation assemblages at
Wharram represent stages in a successional sequence which broadly correspond to groups A, B and C in Usher's (1979) description of succession at the quarry. They can be described as pioneer, chalk grassland and meadow communities.
Arrhenatherum elatius, a tall grass which is common at Wharram, was noticeably rare in the quadrats centred on L. corniculatus, suggesting that the presence of this species may be indicative of the stage in the succession when L. corniculatus is eliminated.
The data collected in 1984 show a significant excess of dark-keeled plants in the more mature parts of Wharram Quarry (table 4(i)). This distribution of the keel colour phenotypes shows an interesting parallel with that for leaf cyanogenesis in the quarry (Compton el a!., 1986) , cyanogenic plants also occurring more frequently in the areas of dense grassland. The expression of the keel It was noticeable that the plants growing among the more mature vegetation were larger than those in the more open sward, but they produced fewer flowers per unit area. Although it was possible to distinguish subdivisions of the more open sward during the analysis, it was not easy to pick these out on the ground. Bare ground was the major discriminating feature, but it was difficult to make subjective judgements in the field in 1984 and so the distinction was not made. The problem was made more difficult by the fact that the vegetation was four years more mature and there was less bare ground than previously. The distinction between the A type and B type vegetation was clear, however, and there was no doubt that darkkeeled plants were commoner in the type B than in the type A vegetation. If we assume that the higher frequencies in the old pastures are near to equilibrium, which is not unreasonable as the area is at the high frequency end of the dine across northern England (Crawford and Jones, 1988) , we have to conclude that light keeled plants have an advantage in the pioneer population in the quarry. There is independent evidence from two sources that the frequency of the dark-keeled form increases as the vegetation matures. As yet we have no direct evidence to explain why this has occurred. found no significant differences in the production of healthy seed between a premarked sample of lightand dark-keeled plants at Wharram Quarry in 1982. Furthermore there was no difference between the morphs in infestation by seed herbivores. In July 1986, however, there was a significant excess of Thysanoptera adults in dark as opposed to light keeled flowers, but as this was the only significant x2 value in 13 similar tests the effect may well be the result of chance. Tables 6, 7 and 8 in this paper show an absence of any selective leaf, bud, petal and pod damage by herbivores although a higher proportion of the pods in type A vegetation were damaged than in type B. Because all the plants tested had cyanogenic petals the data in tables 7 and 8(i) are not complicated by cyanogenesis. The plants were polymorphic for cyanogenesis in their leaves and thus there was confounding with petal colour in table 6. As it happens there is no significant difference between the two petal-colour types and so cyanogenesis is not a complication in this particular set of data.
We have observed a change in the frequency of the dark-keeled form in the type B vegetation between 1980 and 1984 and the situation is being studied further. The management policy in Wharram Quarry is to clear to bare chalk parts of the quarry floor on a regular and planned basis and this means that there are regions of known stages in a successional sequence. In the long-term, therefore, it should be possible to monitor the changes in the frequency of the dark-keeled form in the quarry both over time and space and to study the effects of severe droughting as occurred, for example, in 1975 and 1976. 
